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(54) Information recording medium and tracking enor signal detection apparatus and magnetic 
recording apparatus and method of adjusting the magnetic recording apparatus 



(57) In a magnetic recording medium to detect 
tracking error signals optically where an optical, head 
and a magnetic head scan different tracks, two signals 
having phases different by n/2 are generated and added 
or subtracted. By changing the amplitude of the two sig- 
nals with a changeable gain amplifying means, a phase 
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of a tracking error signal is changed so that the senrt> 
operation is conducted at the middle of the amplitude of 
the tracking error signal to keep the magnetic head on 
track. 
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Description 

The present invention relates to information recording mecfia which comprise a high density information recording 
means su(^ as an optical information recording medium indudng an optical disk or a magnetic information recording 
medium including a fixed magnetic disk or a floppy disk, a tracking error signal detection apparatus for the information 
recorcfing media and an information recording apparatus which can precisely record, reproduce and erase information 
on the information recording media using the tracking error signal detection apparatus, and also relates to methods of 
adjusting an information recording apparatus. 

A track pitch of a conventional magnetic recording media on which information is recorded, such as a floppy disk. 
Therefore, the track pitch is much wider than that of an optical disk, which is about 1.6 fim. Accordingly, a rough track 
location using a mechanical method such as a stepping motor has been sufficient. However, in order to realize a mag- 
netic recording medium having a larger capacity, a track pilch from several ^im to sa/eral lens fim is required. In this 
case, a precise track location becomes necessary 

FIG. 1 shows a configuration of a conventional magnetic recording apparatus which detects a tracking error signal 
by using light In FIG. 1, a linearly polarized divergent beam 70 radiated from a semiconductor laser light source 10 is 
converted to a parallel beam by a collimator 20 and the parallel beam enters a polarizing beam splitter 30. All the par- 
allel beam 70 entering the polarizing beam splitter 30 passes through the polarizing beam splitter 30 and enters a 1/4 
wavelength plate 31 The parallel beam 70 is converted to a circularly polarized beam by passing through the 1/4 wave- 
length plate 31 and is focused on a magnetic recording medium 40 by an object lens 21. 

FIG. 2 shows the relationship between the magnetic recording medium 40 and the focused light beam 70. The 
magnetic recording medium 40 has tracks Tn-1 . Tn. Tn+1 .... which include the area on which information is recorded 
or reproduced by a magnetic head 99 with a certain pitch pt (approximately 20 ^m). Further, discrete guiding grooves 
Gn-1. On. Gn+1 .... which enable the optical detection of a signal synchronizing a tracking error signal and which ena- 
bles rotations of the magnetic recording medium 40. are formed in the middle of adjacent tracks. 

The beam 70 reflected and diffracted by the magnetic recording medium 40 passes through the object lens 21 
again, and enters the 1/4 wavelength plate 31 . By passing through the 1/4 wavelength plate 31 again, the beam 70 is 
converted to a linearly polarized beam having a 90* phase change of the light source 10. All the beam passing through 
the 1/4 wavelength plate 31 is reflected by the polarizing beam splitter 30 and enters a photodetector 50. The incident 
light beam is converted into an electric signal by the photodetector 50 and inputted to a signal processing portion 80. 

As illustrated in FIG. 1. the photodetector 50 has two light sensing portions 501, 502. Signals outputted from the 
light sensing portions 501. 502 are converted to voltage signals by current-voltage (l-V) converting portions 851. 852 
respectively, and inputted to a differential operation part 871. The differential operation part 871 subtracts the two volt- 
age signals outputted from the l-V converting portions 851. 852. 

When a beam 70 from the optical system has a displacement x from the center of a guiding groove such as Gn on 
a magnetic recording medium 40, voltage signals v2 1 . v22 outputted from the l-V converting portions 851 , 852 become 
sine waves having opposite phases which can be approximately represented by the below mentioned formulae (1 ) and 
(2). The signals v21. v22 can be illustrated as FIG. 3(a) and (b). 

v21 • A • sin C2rtx/pt) + B (1) 

v22 A • sin (2rcx/pt) + B (2) 

In the formulae (1) and (2), A is an amplitude and B is a DC component 

A signal v23 outputted' from the l-V converting portion 871 can be represented by the below mentioned formula (3) 
and outputted from a terminal 801 as the tracking error signal. 

v23 = 2 • A • sin (27tx/pt) (3) 

The signal v23 can be illustrated as FIG. 3(c). The tracking error signal v23 outputted from the terminal 801 is input- 
led to a driving portion 90 to adjust relative positions of a magnetic recording medium 40 and a base 95 including a 
tracking error signal detection optical system 100 and a magnetic head 99 for recording and reproducing information so 
as to form a desired track on the magnetic recording medium 40. The tracking error signal detection method is known 
as the push pull method. 

(First Problem) 

In a conventional magnetic recording apparatus using a magnetic head 99 for recording and reproducing informa- 
tion, and an optical system 100 for the detection of a tracking error signal, a distance d between a point Si at which the 
magnetic head 99 contacts a magnetic recording medium 40 and a focal point S2 of a beam 70 from the optical system 
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needs to be at least several hundred \Lm to several mm. That is. the point S1 at which the magnetic head 99 contacts 
the magnetic recording medium 40 and the focal point S2 of the beam 70 scan different tracks on the magnetic record- 
ing medium 40. 

In assembling a magnetic recording apparatus, the distance d is adjusted so as to have the working point of the 

5 tracking servo at the midpoint S3 of the signal amplitude of the tracking error signal v23 as illustrated in FIG. 3(c) when 
the point SI is on a track of the magnetic recording medium 40. However, temperature or humidity change causes 
expansion or contraction of the magnetic recording medium 40 and the track pitch pt changes accordingly. Therefore, 
in the tracking operation at the point S3 using the tracking error signal v23 obtained from the optical system 100; the 
point 31 becomes off track and thereby drastically deteriorates the information reproduction characteristics. 

to In this case, for exanple. if a point S4 is the working point on the tracking error signal when the point S1 is on the 
tracK a tracking servo can be eriabled t>y applyirtg an offset voltage to the tracking servo. However, the dynamic range 
of the orientation illustrated by the arrow D1 lowers and thereby deteriorate the followability in the case disturbance gen- 
erates. Further, as the point 34 oKves farther from the point S3, the servo gain of the tracking operation lowers. When 
the point 34 eventually reaches the point 35. a new problem occurs that the servo gain of the tracking becomes 0 

IS thereby completely losing the tracking servo. 

On the other hand, in an optical disk apparatus where the beam used to detect tracking error signals and the beam 
used to recorxi information on the information recording medium are identical, a configuration forming a track on or 
between the guiding grooves so as to record and reproduce information with a further high density is proposed. How- 
ever, in this configuration, when the relationship pt > A. /NA is satisfied where A is a wavelength of the beam radiated 

20 from the light source. NA is an numerical aperture of the object lens at the information recording medium side, and pt 
is a cycle of marks or guiding grooves formed on the information recording medium to enable the detection of the track- 
ing error signals, a problem similar to the above mentioned problem occurs when the predetermined angle between the 
beam focused by the object lens and the information recording medium can not be sustained. Specific examples 
include the case having a wavelength k of 650 nm, a numerical aperture NA of 0.6. a cycle pt of marks or guiding 

25 grooves of 1 .48 pm, and a substrate thickness for the information recording medium of 0.6 mm. 

(Second Problem) 

Dusts or flaws on the magnetic recording medium 40 change the reflection ratio of the magnetic recording medium 
30 40 and the intensity of a light beam 70 reflected thereby accordingly. In this case, a problem occurs in tfiat an offset 
occurs in the tracking error signal, and thus the magiietic head 99 can hot be controlled on a desired track of the mag- 
netic recording medium 99. 
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(Third Problem) 



Moreover, as in the above mentioned prior art, if a stepping motor is used in the tracking driving portion 90 for a 
magnetic recording medium having a track pitch of several ^m to several tens ^m for seeking tracking error signals 
using a light beam, an off track generates which depends on the step width of the stepping motor. By making the step 
v^dth narrower to reduce the off track amount, a problem occurs in that the time for detecting tracks becomes longer 
40 These two problems can be solved by the use of a DC motor instead of a stepping motor in the tracking driving system. 
However, sirKe mechanical positioning can not be controlled if a DC motor is employed in a tracking driving portksn 90. 
a new problem occurs in that information can not be recorded or reproduced in a magnetic recording medium having a 
track pitch of 186 ^m. which is now widely used. 

45 (Fourth Problem) 

Further, an optically optimum value for a numerical aperture NA of the object lens 21 for a magnetic recording 
medium having a track pitch of 50 is about 0.017. However, when an angular distocation 0 exists between the beam 
70 focused by the object lens 21 and the magnetic recording medium 40. the beam 70 reflected by the magnetic record- 
so ing medium 40 can not enter the aperture. Therefore a problem occurs in that the quantity of the light beam introduced 
to the photodetectoir 50 decreases arxf thus the tracking operation becomes unstable. The relationsh^ between a per- 
formance function Ev with respect to the angular dislocation 0 (Ev = 0.5 • tan(2 " 0)/NA ) and a quantity of light I of 
the beam 70 introduced by the photodetector 50 is shown in FIG, 4. With a numerical aperture NA for the object lens 
21 of 0.017. the angular dislocation 9 is 0.97 when the quantity of light I of the beam 70 on the photodetector 50 is 0. 
55 • namely, the performance function Ev is 1. In this case, the tracking error signal can not be obtained at all. 

A first object of the present invention is to provide a tracking error signal detection apparatus which can realize a 
tracking servo operation with a constant stability without deteriorating the dynamic range or the gain of the tracking error 
signal. 

That is. a first tracking error signal detection apparatus of the present invention comprises a light source to radiate 
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a light beam, a converging optical system lo converge the light beam radiated from the light source on a ref lecting body 
in a minute spot, a beam splitting means lo spDt the light beam reflected and diffracted by the reflecting body, a photo- 
detector to sense the beam splitted by the beam splitting means and output a signal according to the quantity of light 
a first arithmetic means to process a signal outputted from the photodetector, a changeable gain amplifying means to 

5 change the intensity of the signal outputted from the arithmetic means and output at least two signals, and a second 
arithmetic means to add or subtract the two agnals outputted from the changeable gain amplifying means. 

In the above mentioned configuration, the movement of the working point in the tracking error signal can be 
detected as the phase change of the signal outputted from the second arithmetic means by processing the two signals 
outputted from the changeable gain anrplifylng means by the second arithmetic means. In this case, by sustaining the 

10 amplitude of the tracking error signal at a certain level and operating the tracking servo operation at the middle of the 
amplitude of the tracking error signal, the magnetic head can be positioned properly on the track. 

A second object of the present invention is to provide a tracking error signal detection apparatus v»^ich is not liable 
to generate the offset in the tracking error signal even when a reflection ratio of the information recording medium 
changes partially 

15 That is, a second tracking error signal detection apparatus of the present invention comprises a light source to radi- 
ate a light beam, a converging optical system to converge the light beam radiated from the light source on a reflecting 
body in a minute spot, a beam splitting means to split the light beam reflected and diffracted by the reflecting body, a 
photodetector to sense the beam splitted by the beam splitting nrieans and output a signal according to the quantity of 
light and a signal processing portion to process the signal outputted from the photodetector to generate a tracking en-or 

20 signal,, wherein a cydic physical change which changes the reflecting ratio is formed on the reflecting body so as to 
have a magnitude of a light beam in the orientation parallel to the physical change larger than the nnagnitude of the light 
beam in the orientation orthogonal to the physical changa 

In the above mentioned configuration, the change of the beam intensity depending on the partial reflecting ratio 
change of the reflecting body can be reduced by enlarging the magnitude of the beam focused on the reflecting body 

25 Thus a tracking error signal having little offset can be detected. 

A third object of the present invention is to provide a magnetic recording apparatus which can detect a tracking 
error signal on either a magnetic recording medium having a track pitch of several fim to several tens pm or a magnetic 
recording medium having a track pitch of 188 pm. 

In order for the third object, a first magnetic recording apparatus of the present invention comprises a light source 

30 to radiate a light beam, a first converging optical system to converge the light beam radiated from the light source on a 
first reflecting body in a minute spot a second converging optical system to converge the light beam radiated from the 
light source on a second reflecting body in a minute spot, a beam splitting means to split the light beams reflected and 
diffracted by the first and second reflecting bocfies, an photodetector to sense the beams splitted by the beam splitting 
means and output signals according to the quantity of light, a magnetic head to record infornrtation on the information 

35 recording medium or to reproduce information on the information recording medium, a signal processing portion to gen- 
erate a tracking error signal from a plurality of signals outputted from the photodetector. and a control means to control 
the tracking of the magnetic head with respect to the information recording medium based on the tracking error signal, 
wherein a cyclic physical change is formed on the first and second reflecting bodies, and the cycle of the physical 
change formed on the first reflecting body and the cycle of the physical change formed on the second reflecting body 

40 are different 

In the above mentioned configuration, since a tracking error signal can be generated using a fight beam reflected 
by the first reflecting body for a magnetic recording medium having a track pitch of several jim to several lens \im, and 
a tracking error signal can be generated using a light beam reflected by the second reflecting body for a magnetic 
recordng medium having a track pitch of a 188 ^m, a tracking operation can be conducted on magnetic recording 

45 media having different tracking pitches, 

A fourth object of the present invention is to provide a magnetic recording apparatus which can detect a tracking 
error signal stably even when an angle dislocation 0 exists between the beam 70 focused by the object lens 21 and the 
magnetic recording mecfium 40, and an adjusting method thereof. 

That is, a second magnetic recording apparatus of the present invention comprises a light source to radiate a light 

50 beam, a converging optical system lo converge the light beam radiated from the light source on a reflecting body in a 
minute spot a beam splitting means lo split the light beam reflected and diffracted by the reflecting body, an photode- 
tector to sense the beam splitted by the beam splitting means and output a signal according to the quantity of light and 
a magnetic head lo record information on the information recording medium or to reproduce information on the informa- 
tion recording medium, wherein a cyclic physical change which changes the reflecting ratio is formed on the reflecting 

55 body and further comprises any of the below mentioned components (1) to (3): 

(1) two mirrors formed integrally on a common supporting body to change the orientation of a beam on the optical 
path extending from the light source to the reflecting body, 

(2) a converging optical system having an aperture in the second orientation larger than an aperture in the first ori- 
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entalion with the premise that the orientation of the cyclic physical change of the reflecting body is the first orienta- 
tion and the orientation orthogonal to the first orientation is the second orientation, and 
(3) a converging optical system having a diffraction element formed in the vicinity thereof. 

5 An adjusting method in assembling a magnetic recording apparatus of the present invention wherein the magnetic 

recording apparatus comprises a light source to radiate a light beam, a converging optical system to converge a light 
beam radiated from the light source on a reflecting body in a minute spot, a beam splitting means to spirt the light beam 
reflected and diffracted by the reflecting body, a photodetector to sense the beam sptitted by the beam splitting means 
and output a signal according to the quantity of light, and a magnetic head to record information on the information 

10 recording medium or to reproduce information on the information recording medium, wherein the light source is located 
in a position orthogonal to theloptical axis of the converging optical system so as to have a predetermined angle formed 
by the beam focused by the converging optical system and the reflecting body. ^ 

By having the component (1). an angle dislocation between the optical axis of the beam focused by the converging 
optical system and the magnetic recording medium caused tjy the installation error of the mirror used for reducing the 

IS area occupied t>y the optical system can be prevented since the movement of a mirror can be offset by the movement 
of another mirror. 

By having the component (2), since an numerical aperture NA in the second orientation becomes larger, the effect 
of the vignetting of the light beam in the converging optical system caused by an angle dislocation between the optical 
axis of the beam focused by the converging optical system and the magnetic recording medium can be avoided. 
20 By having the component (3), since a light beam in the converging optical system which moves depending on an 
angle dislocation between the optical axis of the beam focused by the converging optical system and the magnetic 
recording medium can be guided to an sensing element by the diffraction element, a vignetting of the light beam in the 
converging optical system can be prevented. 

Accordingly, in any case, a magnetic recording apparatus which can stably detect a tracking error signal stately can 
25 be provkJed- 

Moreover, since an angle dislocation between the optical path of the light beam focused by the converging optical 
system and the magnetic recording medium caused by the installation error of elements comprising the magnetic 
recording apparatus can be compensated in the above mentioned adjusting method, a light beam reflected by the 
reflecting body can always return to enter the aperture of the lens, and thus a tracking error signal can be detected sta- 
30 bty 

FIG. 1 is a diagram illustrating the configuration of a tracking error signal detection apparatus^ of a conventional 
magnetic recording apparatus. 

FIG. 2 is a diagram illustrating the relationship between a magnetic recording medium and a light beam in a con- 
ventional magnetic recording apparatus. 
35 FIG. 3 is a graph illustrating signal wave forms of a signal processing portion in a conventional magnetic recording 
apparatus. 

FIG. 4 is a graph illustrating a relationship between the tilt of a magnetic recording medium and a quantity of fight 
incident on an object lens in a conventional magnetic recording apparatus. 

FIG. 5. is a diagram illustrating the cor^iguration of a magnetic recording apparatus and a tracking error signal 
40 detection apparatus of the first enr^odiment of the present invention, 

FIG. 6 is a diagram illustrating a signal processing portion of the first embodiment. 

FIG. 7 is a diagram illustrating the relationship between guiding grooves of the magnetic recording medium and tim- 
ing signals in the first Bmbodiment 

FIG. 8 is a graph ilFustrating signal wave forms of the signal processing portion of the first embodiment 
45 FIG. 9 is a diagram illustrating the configuration of a magnetic recording apparatus and a tracking error signal 
detection apparatus of the second embodiment. 

FIG. 10 is a diagram illustrating guiding grooves of the magnetic recording medium and timing sigrtals in the second 
embodiment. 

FIG. 11 is a diagram illustrating the signal processing portion in the second embodiment 
50 FIG. 12 is a diagram illustrating a magnetic recording apparatus and a signal processing portion of the tracking 
error signal detection apparatus of the third embodiment of the present invention. 

FIG. 13 is a diagram illustrating a magnetic recording apparatus and the relationship between guiding grooves of 
the magnetic recording medium and timing signals of the fourth embodiment of the present invention. 

FIG. 14 is a diagram illustrating the configuration of the signal processing portion in the fourth embodiment. 
55 ■ • FIG. 15 is a diagram illustrating the configuration of a magnetic recording apparatus and a tracking error signal 
detection apparatus of the fifth embodiment of the present invention. 

FIGs. 16A arxJ 168 are diagrams illustrating patterns of the diffraction element in the fifth embodiment and FIG. 
16C is a diagram illustrating light beams on the photodetector and sensing portions. 

FIGs. 17A to 17C are diagrams illustrating the configuration of a lens in the fifth embodiment. 
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FIG. 18 is a diagram inustrating the relationship between a reflecting twdy and beams in the fifth embodiment. 

FIG. 19 is a diagram illustrating the configuration of an object lens of a tracking error signal detection apparatus of 
the sixth embodiment of the present invention. 

FIG- 20 is a diagram illustrating the configuration of a magnetic recording apparatus and a tracking error signal 
detection apparatus of the seventh embodiment of the present invention. 

FIG. 21 is a diagram illustrating a magnetic recording apparatus, and a relationship among a light source, an object 
lens, and a magnetic recording medium, and a principle of the adjusting method of a magnetic reconSng medium in the 
eighth embedment of the present invention. 

FIG. 22 is a diagram iHustrating the configuration of a light source located on an photodetector and a diffraction ele- 
ment in the eighth embocfiment 

FIGs. 23A. 23B are diagrams illustrating a magnetic recording apparatus and the relationship among a light source, 
a magnetic recorcfing medium and an optical system in the adjusting means in the ninth embodiment of tfie present 
invention, where 23A describes the case when a reflecting plane is arranged in the conect angle, and 23B describes 
the case when a mirror integrally forming a reflecting plane has an angle dislocation. 

FIG. 24A is a diagram illustrating the configuration of a magnetic recording apparatus, and 24B is a diagram illus- 
trating the configuration of a reflecting body of the tenth embodiment of the present invention. 

FIG. 25A is a plan view illustrating the configuration of a magnetic recording apparatus and an object lens of tiie 
tracking error signal detection apparatus, and FIG. 25B is a side sectional view thereof of the eleventh embodiment of 
the present inveniton. 

FIG. 26 is a diagram illustrating the relationship between sensing portions of an photodetector and diffracted 
beams of the eleventh embodiment of the present invention. 

FIG. 27 is a diagram illustrating the configuration of a magnetic recording apparatus and the tracking error signal 
detection apparatus in the twelfth embodiment of the present invention. 

FIG. 28A is a diagram illustrating the reflecting plane of a reflecting fcKxJy. and FIG. 28B is a diagram illustrating the 
reflecting plane of the magnetic recording medium in the twelfth embodiment of the present invention. 

FIG. 29 is a diagram illustrating the relationship between beams on an photodetector and sensing portions in the 
twelfth embodiment 

FiG. 30 is a diagram illustrating the configuration of a magnetic recording apparatus and the tracking error signal 
detection apparatus in the thirteenth embodiment of the present invention. 

FIGs. 31 A and 31B are diagrams illustrating the area of the diffraction element in the thirteenth embodiment, and 
FIG. 3 1 C is a diagram illustrating the relationship between light beams on an photodetector and sensing portions of the 
thirteenth embodiment of the present invention. 

FIG. 32 is a diagram illustrating the configuration of an information recording mecfium in the fourteenth embodiment 
of the present invention, 

FIG. 33 is a diagram illusti^ting the configuration of a signal processing portion of a tracking en-or signal detection 
apparatus in the fourteenth embodiment. 

Hereinafter, embodiments of information recording media, tracking error signal detection apparatus, information 
recording apparatus and adjusting methods of information recording apparatus will be explained in detail with reference 
to FIGs. 5 to 33. Same numerals are applied to components for which the same components can be used as the con- 
ventional magnetic recording apparatus. Further, "recording" in this specification refers to not only recording of informa- 
tion but also reproduction and erasure of information as well. 

(First Embodiment) 

The first embodiment concerning a magnetic recording apparatus and the tracking error signal detection apparatus 
of the present invention will be explained with reference to FIGs. 5 to 8. FIG. 5 is a diagram illustrating a magnetic 
recortSng apparatus and a tracking enor signal detection apparatus of the first embodiment. The tracking error signal 
detection apparatus of the magnetic recording apparatus of the first embodiment has substantially the same configura- 
tion as the prior art illustrated in FIG. 1 except the configuration of a signal processing portion 81. The configuration of 
the signal processing portion 81 of the first embodiment is illustrated in FIG. 6. 

A photodetector 50 comprises two sensing portions 501, 502. Electric signals outputted from the sensing portions 
501. 502 are inputted to a signal processing portion 81 respectively. The signals outputted from the sensing portions 
501, 502 are converted to voltage signals by l-V converting portions 851, 852 respectively. Two voltage signals output- 
ted from the l-V converting portions 851. 852 are inputted to a differential operation part 872 and an addition part 891 
respectively. -The differential operati'on part 872 subti-acts two voltage signals outputted from the l-V converting portions 
851 , 852. A signal v1 outputted from the differential operation part 872 becomes a sine wave represented by the below 
mentioned formula (4) when a light beam 70 has a displacement x from ttie central portion of a groove (for example, Gn 
in FIG. 2). In the formula (4), Al denotes an amplitude. 
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v1 = A1 • sin(2nx/pt) (4) 

A signal outputted from the differential operation part 872 is inputted to a changeable gain arpplifying portions 832. 
The changeable gain amplifying portions 832 is an ampiifier capable of changing an amplitude A1 of an inputted signal 
5 freely. A signal outputted from the changeable gain amplifying portions 832 is inputted to an operation part 892. 

The addition part 891 adds voltage signals outputted from the l-V conversion portions 851 . 852. A signal v2 output- 
ted from the addition part 891 becomes a sine wave represented by the below mentioned formula (5). In the fornmita 
(5), A2 denotes an amplitude arxl B1 denotes a DC component. 

10 ■ v2 = A2 - cos (2nx/pt) + B1 (5) 

A signal outputted from the addition part 891 is inputted to a clock signal generating portion 895 to generate clock 
signals CLK1 , CLK2. The clock signal generating portion 895 is a Phase Locked Loop {PU-) circuit The clock signals 
CLK1. CLK2 synchronize with signals obtained by scanning discrete guiding grooves Gn-1. Gn ... formed on the mag- 

15 netic recording medium 40 illustrated in FIG. 2. FIG. 7 illustrates the relationship between the guiding groove Gn and 
the timing of clock signals CLK1. CLK2. The clock signals CLK1. CLK2 are inputted to a trigger signal generating por- 
tion 896 to generate timing signals Sal. Sa2. A signal from the addition part 891 is outputted with the timing of the tim- 
ing signals Sal , Sa2 to be sampled arxd held by sample and hold portions 81 1. 812. A signal sampled and held by the 
sample and hold portion 812 is inputted to the differential operation part 873 as it is. On the other hand, a signal sam* 

20 pled and held by the sample and hold portion 81 1 is. after being adjusted to a favorable intensity by the changeable gain 
amplifying portions 831 , inputted to the differential operation part 873. The gain of the changeable gain amplifying por- 
tions 831 is set to subtract the DC component 81 of the signal v2 at the differential operation part 873. In this case, a 
signal v3 outputted from the differential operation part 873 becomes a sine wave having the DC component subtracted 
from the sigr^l v2 represented by the below mentioned formula (6). 

2£ 

v3 = A2 • cos {2nx/p\) (6) 

A signal outputted from the differential operation part 873 is. after being adjusted to a favorable amplitude by the 
changeable gain amplifying portion 833, inputted to an operation part 892. The operation part 892 adds an inputted sig- 
3C nal to output a tracking error signal v4 to an output terminal 802. The signal v4 has a wave form represented by the 
below mentioned formula (7). 

v4 = K1 • A1 • sin (27ix/pt) + K2 • A2 • cos (2Ttx;fc>t) (7) 
.=» K1 • A1 • sin (2jix/pt) + K2 • A2 • sin (27tx/pt + ti/2) 

35 

In the formula (7). Kl, K2 are gains of the changeable gain amplifying portions 832, 833, respectively. A signal v4 
can be a signal capable of setting an optional phase and an amplitude by selecting appropriate gains Ki , K2. For exam- 
ple, when Kl • A1 = K2 • A2 . the signal v4 becomes a signal out of phase with respect to a signal v1 by n/A. Sigr^ls 
v1, v3, v4 can be illustrated as In FIGs. 8(a) to 8(c). 

do A tracking error signal v4 outputted from a terminal 802 is inputted to a driving portion 90. The driving portion 90 
adjusts the relative position of a magnetic recording medium 40 and a base 95 comprising a tracking error signal detec- 
tion optical system 100 and a magnetic head 99 for recording and reproduction of information tracked to the magnetic 
head 99 based on the tracking error signal v4 so as to have a magnetic head 99 tracked on a desired track. 

In a magnetic recording apparatus as illustrated in FIG. 1, a point 81 at which the magnetic head 99 contacts with 

45 the magnetic recording medium 40 arxl a converging point S2 of a beam 70 from the optical system scan different 
tracks on the magnetic recording medium 40 respectively. On the other hand, when the magnetic recording medum 40 
expands or contracts due to the change in temperature or humidity, the track pitch pt changes accordingly. However, in 
tracking using a tracking error signal ol>tained from the optical system 100 with a magnetic recording apparatus of the 
present invention, even when the point 31 is off tracK by changing the gains of the changeable gain arrplrfying portions 

so 832. 833, a point SI can be on track at a midpoint of the amplitude of the tracking enror signal. That is, at the best point 
S3, a gain of the tracking servo arKi a dynamic range become maxinuim as illustrated in FIG. 3(c). In this case, infor- 
mation can be recorded or reproduced on the magnetic recording medium 40 in the best condition. Accordingly, the use 
of the magnetic recording apparatus of the present invention stabilizes the tracking operation signifk;antly. Not only in 
the case of such temperature or humidity change, but also in the use of a magnetic recording apparatus using a 

55 changeable medium such as a floppy disk, tracking servo operation can be conducted at the best point. Further, a good 
irrterchangeability between different magnetic recording media can be provided. 

The gains Kl, K2 of the changeatrfe gain amplifying portions 832, 833 can be adjusted to have a signal read out 
from the magnetic head 99 to be the best. As a method to adjust the gain of the changeable gain amplifying means, 
corwentional methods such as changing the bias voltage applied on a semiconductor element, such as a PIN diode, a 



7 



EP0 753 851 A2 



bipolar transistor and a fietd effect transistor (FET) can be employed. 

Since a tracking error signal can be obtained with a simple optical system to focus a light beam on a magn« 
recording medium in the magnetic recording apparatus of this embodiment, a magnetic recording apparatus having 
inexpensive optical system can be provided. 

(Second Embodiment) 



The second embodiment concerning a magnetic recording apparatus and the tracking error signal detection appa- 
ratus of the present invention will be explained with reference to FIGs. 9 to 11 . FIG. 9 is a diagram illustrating a magnetic 
recordng apparatus and a tracking error signal detection apparatus of the second en*odiment The magnetic record- 
tng apparatus of the second embodiment has the same configuration as the first errtjodiment illustrated in FIG. 5 except 
that a diffraction grating 32 generates three beams between the light source 10 and the colfimator 20. a beam 70 
reflected by the polarizing beam splitter 30 is focused with a focusing lens 22. and a photodetector 51 and a signal 
processing portion 82 use a different configuration. The other components are the same as the first embodiment. 

The beam 70 focused on the magnetic recording medium 40 is illustrated in FIG. 10. TTie beam 70 con^rises three 
beams 71 to 73. The beam 71 is a zeroth-order diffracted light of the diffraction grating 32. and the beams 72. 73 are 
first-order dffracted lights of the diffraction grating 32. respectively. The beams 71. 72. 73 are located so as to radiate 
different positions of a track. Namely, the beams 71 and 72 and the beams 71 and 73 differ by pt/4 (pt • track pitch) 
respectively and the beams 72 and 73 differ by pt/2. 

The configuration of an photodetector 51 and a signal processing portion 82 are illustrated in FIG. 1 1. The photo- 
detector 5 1 comprises three sensing portions 503 to 505 for sensing beams 71 to 73. respectively. Electric signals out- 
putted from the sensing portions 503 to 505 of the photodetector 51 are inputted to the signal processing portion 82 to 
be converted to voltage signals by I- V converting portions 853 to 855. respectively. Signals v5 to v7 outputted from the 
l-V converting portions 853 to 855 are inputted to the signal processing portion 82 to be converted to voltage signals 
The signals v5 to v7 outputted from the l-V converting portions 853-855 are signals represented by the below men- 
tioned fonnulae (8) to (10). In the formulae (8) to (10), A3 denotes an amplitude, and B2 denotes a DC component. 

v5 = A3 - cos (2rtx/pt) + B2 (8) 

v6aA3 • sin (27tx/pt) + B2 (9) 

v7 = -A3 • sin (2nx/pt) + B2 (10) 

Signals v5. v6 are inputted to a differential operation part 874. and signals v5, v7 are inputted to a differential oper- 
ation part 875. respectively for subtraction. Signals v8. v9 outputted from the differential operation parts 874. 875 are 
signals represented by the below mentioned formulae (1 1) and (12). In the formulae (11) and (12). A4 denotes an ampli- 
tude. 



v8 = A4 • sin (2rtx/pt + Ti/4) (11) 

v9 = A4 • sin (2Tix^pt - n/4) (12) 

Signals v8. v9 are sine waves out of phase by ji/2. The signals v8. v9 outputted from the differential operation parts 
874. 875 are inputted to the changeable gain amplifying portions 834. 835, respectively to be adjusted to a favorable 
amplitude, and inputted to the operation part 893. The operation part 893 conducts addition of inputted signals, and out- 
puts a tracking error signal vIO to an output terminal 803. The signal vlO has a wave form represented by tfie below 
mentioned formula (13). 




In the formula (13). K3. K4 are gains of the changeable gain amplifying portions 874. 875. respectively, and ^^ is - 
rt/4. A signal vIO can be a signal capable of setting optional phase and amplitude by selecting appropriate gains K3. 
K4. Thts can be easily understood in the comparison between the formula (13) and the formula (7) described in the first 
embodiment. 

A tracking error signal vIO outputted to a terminal 803 is inputted to a driving portion 91. The driving portion 91 
adjusts the relative position of a magnetic recording medium 40 and a base 98 conprising a tracking error signal detec- 
tion opttcal system 101 and a magnetic head 99 so as to have a magneHc head 99 tracked on a desired track. 

In a magnetic recording apparatus of FIG. 2. since the sample and hold operation is not conducted, guiding grooves 
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Gn-1, Gn ... need not have a discrete configuration. Thus, this embodiment can be applied also to a magnetic recording 
medium having a continuous guiding groove. 

(Third Embodiment) 

5 

The third embodiment concerning a magnetic recording apparatus and the tracking error signal detection appara- 
tus of the present invention will be explained with reference to FIG. 12. FIG. 12 is a diagram illustrating the corrf iguration 
of the signal processing portion 83 of the third embodiment Since the configuration of the other parts are the same as 
the above mentioned second embodiment, details are not explained herein. The signal processing portion 83 illustrated 
10 in FIG. 12 differs from the signal processing portion 82 illustrated in FIG. 1 1 in that signals v5 to v7 are inputted to the 
differential operation parts 874, 875 via the changeable gain amplifying portions 836 to 839. 

As in the secoTKl embodiment three beams 71 to 73 are generated by the diffraction grating 32 illustrated in FIG. 
9 and the beam 71 is a zeroth-order diffracted light of the diffraction grating 32, and the beams 72. 73 are first-order 
diffracted lights of the diffraction grating 32, respectively The intensity of the first-order diffracted lights 72 and 73 can 
/5 be formed identical comparatively easily even when the width, depth or shape of the lattice of the diffraction grating 32 
has an irregularity in the production. Gn the other hand, in order to have the same intensity for the zeroth-order dif- 
fracted light 71 and the first-order diffracted lights 72, 73. the width, depth and shape of the lattice of the diffraction grat- 
ing needs to be maintained precisely. 

In the above mentioned second embodiment, when the intensity of the zero-order diffracted fight 71 and the first- 
20 order diffracted lights 72. 73 is different, a DC component remains in a signal outputled from the differential operation 
parts 874. 875 and thus the DC component remains in the tracking error signal vIO as well. In general, even if a slight 
amount of DC component remains in a tracking error signal vIO. the tracking servo operation is not disturbed. Howey^er. 
if the level of the residual DC component becomes larger due to a defect of the width, depth or shape of the lattice of 
the diffraction grating 32, the tracking servo operation rhay be unstable. 
25 In the third ennbodiment. by arranging the changeable gain amplifying portions 836 to 839 at the input side of the 
differential operation parts 874, 875. the signal amplitude of inputted signals v5 to v7 can be adjusted to a favorable 
level. Accordingly, even if the intensities of the zeroth-order diffracted light 71 and the first-order diffracted lights 72, 73 
generated at the diffraction grating 32 are different a DC component contained in a signal outputted from the differential 
operation parts 874, 875 can be curbed to a sufficiently small level. The tracking error signals are outputted to a terminal 
3C 804. 

In the third embodimerrt, even when the width, depth or shape of the lattice of the diffraction grating 32 has an irre- 
gurality in the production of a diffraction grating 32 to generate a plurality of diffracted lights, a stable tracking servo 
operation can be realized. Further, when the intensity distribution of the beam 70 radiated from the light source 10 is 
not uniform and thus the intensities of the diffracted lights 71 to 73 become different, this can also be tolerated without 
35 causing any problem. According to the configuration of the third embodiment, requirements toward the production accu- 
racy of the lattice of a diffraction grating and the installation accuracy of the tight source can be drastically alleviated to 
achieve the reduction of the diffraction grating costs and the assembly costs. 

(Fourth Embodiment) 

40 

The fourth embodiment concerning a magnetic recording apparatus and the tracking error signal detection appa- 
ratus of the present invention will be explained with reference to FIGs. 13 and 1 4. The configuration of the fourth embod- 
iment is similar to the configuration of the second embodiment except for the cortf iguration of the photodetector and the 
signal processing portion. Therefore, details are not explained for the conrimbn parts. 

45 FIG. 13 illustrates beams focused on a magnetic recording medium 40 in the fourth embocfiment. The beam 71 is 
a zeroth-order diffracted light of the diffraction grating 32. the beams 72, 73 are first-order diffracted lijghts of the diffrac- 
tion grating 32, and the beams 74, 75 are second-order diffracted lights of the diffraction grating 32, respectively. The 
beams 71 to 75 are located so as to radiate different positions of a track, namely, the beams 71 and 72 ard the beams 
71 and 73 differ by pt/4 respectively, the beams 71 and 74 and the beanis 71 and 75 differ by pt/2 respectively, the 

so beams 72 and 73 differs by pt/2. and the beams 74 and 75 differs by pt 

The configuration of a photodetector 52 and a signal processing portion 84 are illustrated in FIG. 14. The photode- 
tector 52 comprises five sensing portions 506 to 510 for sensing beams 71 to 75. respectively. Five electric signals out- 
putted from the sensing portions 506 to 510 are inputted to the signal processing portion 84 to be Corrverted to voltage 
signals by l-V converting portions 853 to 856. respectively. Signals outputted from the sensing portions 509 and 510 

55 are added at the input side of the I-V converting portion 856. TTie signals v11 to v14 outputted from the t-V converting 
portions 853 to 856 are signals represented by the below mentioned formulae (14) to (17). In the formulae (14) to (17), 
A5 to A7 denote an amplitude, arrd 83 to B5 denote a DC component 

v1 1 = -A5 • sin (27cx/t)t) + B3 (14) 
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v12 = -A6 * COS (2nx/pt) + B4 (-15) 

v13 = A7 • sin {2Ti%Jpi) + 85 (16) 

vU = A6 • cos (2Ttx/pt) + B4 (17) 

Signals v11 to vli are inputted to changeable gain amplifying parts 836 to 839 respectively, and after being 
adjusted to a favorable amplitude, inputted to differential operaHon parts 874, 875 to conduct subtraction. The reason 
why the changeable gain amplifying portions 836 to 839 are arranged at the input side of the differential operation parts 
874, 875 IS the same as the reason why the changeable gain amplifying portions 836 to 839 are similarly arranged in 
the third embodiment 

Signals vl 5. v1 6 outputted from the differential operation parts 874. 875 are signals represented by the below men- 
tioned formulae (18) and (19). In the formulae (18) and (19). AS and A9 denote an amplitude. 

v15 = A8 • sin(2jrx/pt) - (18) 

v16=t A9 • cos(2)rix/pt) (19) 
= A9 • sin {Znx/pi + 7i/2) ^ ' 



Signals y 15, v16 are sine waves out of phase by Tt/2. The signals vl5. v16 outputted from the differential operation 
parts 874. 875 are inputted to the changeable gain amplifying portions 334. 835, respectively to be adjusted to a fevo- 
rable amplitude, and inputted to the operation part 893. The operation part 893 conducts addition of inputted signals 
and outputs a tracking error signal v17 to an output terminal 805. As in the first to third embodiments, the signal v17 cari 
be a signal capable of setting optional phase and amplitude by adjusting the gain of the changeable gain ampliWino Dor- 
lions834. 835 p 7 

In general, a magnetic recording medium 40 has a continuous spiral or concentric track to be rotated by a driving 
motor as represented by a floppy disk. In the fourth embodiment, the phases of signals inputted to the differential oper- 
ation parts 874, 875 are different by n/2 respectively as described with the formulae (1 4) to (1 7). Accordingly, even when 
the rotation center of the driving motor and the rotation center of the magnetic recording medium 40 are not exactly 
alligned in rotating the magnetic recording medium 40 thereby causing the decentering of the track, deterioration of the 
tracking error signals is smaller That is, according to the fourth embodiment, a stable tracking servo operation can be 
conducted even when rotations of the magnetic recording medium are greatly decenlered. 

The signal processing portion can be realized through hardware by using an analog device such as an operational 
amplifier, however, it is also feasible to process through software after converting an analog signal to a digital signal, 
and thus the configuration of the signal processing portion does not cause particular limitations. 

The operation parts 432 to 434 for adding two signals out of phase by n/2 can be replaced by differential operation 
parts depending upon the polarity of signals. 

When deterioration of the dynamic range can be tolerated to some extent, the operation parts can corrprise a 
switching device to output some of the inputted signals selectively. In this case, by providing a hysteresis characteristic 
in the switching tinning, stable operation without oscillation can be realized. 



(Fifth Embodiment) 



The fifth embodiment'concerning a magnetic recording apparatus and the tracking error signal detection apparatus 
of the present invention will be explained with reference to FIGs. 1 5 to 1 8, FIG. 1 5 illustrates the configuration of a mag- 
netic recording apparatus and the tracking error signal detection apparatus of the fifth embodiment 

In FIG. 15, a linearly polarized divergent beam 70 radiated from a semiconductor laser light source 10 enters the 
area 60A of a diffraction element 60 to become three beams, that is, zeroth-order and ifirst-order diffraction lights. In 
the area 60B. a plurality of beams are further generated from the three beams generated in the area 60A. The grating 
pitch of the area 60B is designed so that only the zeroth-order diffraction light out of the diffraction lights generated in 
the area 60B enters the aperture of the object lens 23 in the optical path extending from the light source 10 to the object 
lens 23. The object lens 23 is a finite object lens to focus the beam 70 on the reflecting body 45. 

Lattice patterns with a cycle pt of 10 fim are formed on the reflecting body 45, The cyde pt is identical to the cycle 
of the track on the magnetic recording medium 41. The beam reflected and diffracted by the reflecting body 45 enters 
the area 60B of the diffraction element 60 after passing through the objective lens 23 again. A plurality of diffracted 
lights are generated from the beam which entered the area 50B. Among the generated lights, liirst-order diffraction 
lights 76, 77 are sensed by the photodetector 53 to be converted to electric signals. 

FIG. 16A illustratesapatternof the area 60B of the diffraction element 60. FIG. 1 6B illustrates a pattern of the area 
60 A of the diffraction element 60. FIG. 16C illustrates beams 76 to 77 on the photodetector 53 and sensing portions 



10 



EP 0 7S3 851 A2 



. 51 1 to 516 formed on the photodetector 53. A grating with a 10 ^im cycle is formed on the area 60A of the diffraction 
element 60, and a grating with a 3 pim cycle is formed on the area 6QB of the diffraction element 60, respectively. Ori- 
entation of the grating formed on the area 60 A artd orientation of the grating formed on the area 608 are orthogonal to 
each other. 

The light source 10 is arranged on the photodetector 53 comprising an etched silicon substrate. A iight beam 70 
radiated from the light source is reflected by a mirror 53A formed on the silicon substrate so that the optical path of the 
beam 70 becomes perpendicular to the plane in which the sensing portions 511 to 516 of the photodetector 53 are 
formed. Beams 76A. 77A are zeroth-order diffraction beams generated by the incidence to the area 60A of the diffrac- 
tion element 60 of the beam 70 radiated from the light source, and beams 76B. 76C. 77B and 77C are ±first-order dif- 
fraction beams generated by the incidence to the area 60A of the diffraction element 60 of the beam 70. The beams 
76A to 76C and the beanris 77A to 77C are sensed at the sensing portions 511 to 516. respectively. 

By inputting electric signals outputted from the photodetector 53 to. for example, the signal processing portion 82 
as illustrated in FIG. 1 1 of the second embodiment, a tracking error signal can be generated. Specifically, this can be 
achieved by inputting signals outputted from the sensing portions 511 and 514 into the l-V converting portion 854. sig- 
nals outputted from the sensing portions 512 and 515 into the l-V converting portion 853. and signals outputted from 
the sensing portions 513 and 516 into the l-V converting portion 855. respectively 

A tracking error signal v10 outputted on the terminal 803 of the signal processing portion 82 of FIG. 1 1 is inputted 
to the driving portion 92. The driving portion 92 adjust the relative position between the magnetic recording medium 41 
arxi the base 97 including the tracking en-or signal detection optical system 102 and the magnetic head 99 for trading 
the magnetic head 99 at a desired track. 

FIGs. 17A to 17C illustrates the relationship between the aperture size and the focal length of the object lens 23. 
Wx. Wy denote the aperture size of the object lens 23 to the X axis orientation and to the Y axis orientation, respectively 
fx. fy denote the length between the reflecting body 45 side of the object lens 23 and the focal point of the beam to the 
X axis orientation and to the Y axis orientation, respectively Here Wx = Wy = 2mm . fx = 12 mm. and fy - » . that is. 
the object lens 23 has the same aperture size in the X axis orientation and in the Y axis orientation, and different focal 
lengths in the X axis orientation and in the Y axis orientation. This lens is a kind of a cylindrical lens. X, Y, Z axes orien- 
tations con-espond with the X, Y, Z axes orientations described in FIG. 15, That is, X axis orientation is the orientation 
orthogonal to the track. Y axis orientation is the orientation parallel to the track, and Z axis orientation is the orientation 
orthogonal to the X and Y axes orientations. 

FIG. 18 illustrates the relationship between the reflecting body 45 and the beam focused by the object lens 23. The 
beam 70 comprises three bearris 76 to 78, which are zero-order and first-order diffraction lights generated by the inci- 
dence of the beam 70 radiated from the light source 10 imo the area 60A of the diffraction element 60. The beam 70 
focused on the reflecting body 45 becomes strip-like having the X axis orientation size of about 5 \im and the Y axis 
orientation size of about 2 mm. In the tracking error signal detection apparatus of the fifth embodiment, even when the 
reflecting ratio of the reflecting body 45 is partially changed due to a dust 49 or a flaw, since the size of the beams 76 
to 78 in the Y axis orientation is 2 nrwn and is significantly large, the partial reflecting ratio change can be averaged to 
reduce the intensity variation of the three beanrts 76 to 78. Accordingly, tfie offset generated in a tracking enror signal 
becomes small. 

Furthermore, since the respective length between the center of the bearris 76 to 78 are set to be about 100 fim. 
most of the area of the beams overlap to each other. Therefore, even when a partial reflection ratio change occurs in 
the reflecting body 45. the change is corrected by the three beams 76 to 78 and thus the intensity variance of the three 
beams 76 to 78 reflected by the reflecting body 45 becomes small. If the intensity of the three beams 76 to 78 is varied, 
an offset occurs in the tracking error signal to cause an off track. On the other hand, when the intensity of the three 
beams 76 to 78 change but are not varied, although the servo gain decreases, an offset does not occur and thus the 
magnetic head can be controlled on a desired track. 

(Sixth Embodiment) 

The sixth embodiment concerning a magnetic recording apparatus and the tracking error signal detection appara- 
tus of the present invention will be explained with reference to FIG. 19. FIG. 1 9 illustrates the configuration of an object 
lens 24 of the sixth embodiment. The object lens 24 is used in the sixth embodiment in place of the object lens 23 in 
the fifth embodiment. Since other corrfigurations are the same, details are not explained herein. 

As illustrated in FIG. 19. the Y axis orientation aperture Wy of the object lens 24 is larger than the X axis orientation 
aperture Wx. Here Wx = 2 mm. and Wy = 5mm. In the X axis orientation, the relationship between the track pitch pt of 
the reflecting txjdy 45 and the aperture of the object lens needs to be maintained in a certain range. However, as to the 
Y axis orientation, it can be optionally set as long as signals from guiding grooves can be detected. The focal lengths 
of the object lens 24 are fx = 12 mm. fy = « as in the object lens 23 of the fifth embodiment The size of the beam 70 
on the reflecting body 45 when the object lens 24 is used can further be larger in the Y axis orientation compared with 
the case of using the object lens 23, namely, 5 ^m in the X axis orientation and 5 mm in the Y axis orientation. 
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Furthermore, concerning the dislocation of the angle formed by the reflecting body 45 and the beam 70. the greater 
the aperture of the object lens 24 is, the smaller the ratio of the beam 70 reflected by the reflecting body 45 to that out- 
side the aperture of the object lens 24 becomes. That is, if the aperture size triples, the toleratrfe angle dislocation tri- 
ples accordingly In the sixth embodiment, by having a larger aperture of the object lens 24 in the Y axis orientation, 
influence of the angle dislocation between the reflecting body 45 and the beam 70 can be tolerated in the Y axis orien- 
tation without adjustment. Therefore, in the assembly of a magnetic recording apparatus using a tracking error signal 
detection apparatus of the sixth embodiment, angle dislocation needs to be adjusted only to the X axis orientation, and 
thus the adjustment operation can be conducted in a shorter time period. Accordingly, the magnetic recording appara- 
tus of the sixth embodiment enables easy production at a lower cost 

In the magnetic recording apparatus of the present invention, a tracking en-or signal can be obtained even when 
guiding grooves for enabling the detection of a tracking error signal are not formed on the magnetic recording medium. 
Hence, the tracking operation can be conducted on a magnetic recording medium having a track pitch of 188 jim called 
2HD. which is widely used. 

(Seventh Embocfiment) 

The seventh .embodiment concerning a magnetic recording apparatus and the tracking error signal detection appa- 
ratus of the present invention will be explained with reference to FIG. 20. FIG. 20 illustrates the configuration of a mag- 
netic recording apparatus and the tracking en-or signal detection apparatus of the seventh embodiment The 
configuration of the magnetic recording apparatus and the tracking error signal detection method of the seventh en*od- 
iment are the same as In the fifth embodiment except that guiding grooves for enabling the optical detection of a tracking 
error signal are formed on a magnetic recording medium 42 in the seventh embodiment. 

The magnetic recording medium 42 is equivalent to the compound of the magnetic recording medium 41 and the 
reflecting body 45 illustrated in FIG. 15. The optical system to detect tracking error signals and the magnetic head 99 
are installed on a base 98. Tracking operation is conducted by inputting a tracking error signal into a driving portion 93. 

(Eighth Embodiment) 

The eighth embodiment concerning a magnetic recording apparatus and an adjusting method thereof of the 
present invention will be explained with reference to FIGs. 21 and 22. Fia 21 illustrates the relationship among the Hght 
source 10, the object lens 23 and the magnetic recording medium 42. The configuration of the optical system to detect 
the tracking error signals Is the same as the configuration of the seventh embodiment illustrated in FIG. 20. 

In FIG. 21, when the beam 70 focused by the object lens 23 is orthogonal to the magnetic recording medium 42, 
the beam reflected by the magnetic recording medium 42 returns within the aperture of the object lens 23 as described 
by "a", the amount of light of the beam guided to the photodetector 53 does not decrease. However, if the angle e is 
formed in fixing the magnetic recording medum 42, the beam is reflected by the magnetic recording medium 42 outside 
the aperture of the object lens as descnlted by "b". In general, in the assembly of a magnetic recording apparatus, a 
system to adjust the angle dislocation 0 in fixing the magnetic recording medium 42 is complicated and expensive. ' 

In the adjusting method of the eighth embodiment, the angle cfislocation of the magnetic recording medium 42 is 
not adjusted, but is compensated by adjusting the position of the light source 10 to the X axis orientation and to the Y 
axis orientation, which are orthogonal to the optical axis of the object lens 23. When the amount of movement of the 
lightsourcelO AX1 =Z1 • Ian 0 is satisfied (Z1 is the length from the light source 10 to the object lens 23). the vignet- 
ting in the object lens 23 caused by the angle dislocation 0 in fixing the magnetic recording medium 42 can be com- 
pletely corrpensated. For example, with the numerical aperture NA = 0.017. angle dislocation 0 = 0.97 degree of the 
object lens 23 at the magnetic recording medium 42 skie, a beam reflected by the magnetic recording medium 42 does 
not enter the aperture of the object lens 23 at all. On the other hand, for example, with Z1 - 200 mm and AXI = 340 
Hm. a beam reflected by the magnetic recording medium 42 entirely enters the aperture of the object lens 23. Since the 
position adjustment of the Bght source 10 can be conducted as in the case of fixing the photodetector of an optical 
pickup head apparatus to reproduce information on an optical recording medium, details are not explained herein. 
Therefore, a method of fixing the light source 10 while adjusting in the X axis orientation and the Y axis orientation can 
be realized easily at a low cost. 

As illustrated in FIG. 20, a diffraction element 60 is used as the beam splitting means to guide a beam 70 reflected 
by the magnetic recording medium 42. by forming the light source 1 0 and the diffraction element 60 integrally, a tracking 
error signal can be detected with further stability. 

With the premise that ZLH is the length from the light source 1 0 to the area 60B of the diffraction element 60, and 
Z2 is the length from the object lens 23 to the magnetic recording medium 42. the radius of the object lens 23 projected 
on the area 608 can be provided as RLH = Z2 • ZLH • NA/Z1 . With Z1 = 20 mm. Z2 = 15 mm. ZLH = 3 mm and NA 
= 0.017. RLH = 38 (im. When the angle dislocation 0 is 0.97 degree, the position of the light source 10 AXl is moved 
by 340 urn. In this case, the length between the beam position passing through the area 60B and the center of the 
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proper diffraction element 60 is provided as aX2 = AXI • (Z1-ZLH)/Z1 . and is 289 ^m. As apparent from the compar- 
ison between Rl>l and dX2. by conducting position adjustment of the tight source 10 to the X axis orientation and the 

Y axis orientation, the area 60B needs to be much greater than in the case of not conducting the adjustment 

However, by enlarging the size of the area 60B, the dbfirst-order diffraction lights generated by the area 60 B on the 
5 way from the light source 10 toward the object lens 23 enter the aperture of the object lens 23 to become a noise with 
respect to a tracking error signal, tt is possible to avoid the incidence of the ±f irst-order diffraction lights from the area 
60B to the aperture of the object lens 23 by shortening the pitch of the grating pattern of the area SOB. In this case, how- 
ever, the area of the photodetector 53 needs to be enlarged, and thus the magnetic recording apparatus becomes 
expensive. 

10 In the case of forming the light source 10 and the diffraction element 60 integrally so that the diffraction element 60 
moves according to the movement of the light source 10. the length between the beam passing through the area SOB 
and the center of the proper diffraction element can be provided as 5 = AX1 • ZLH/21 , arxJ is 51 jim in the above men- 
tioned conditions. As apparent from the comparison between 6 and AX2. the size of the area 60B can be further smaller 
by forming the tight source 10 and the diffraction element 60 integrally to prevent the incidence of the ±fir5t-order dif- 

IS fraction lights generated- in the area SOB into the object lens, and thus a greater angle dislocation 9 of the magnetic 
recording medium 42 can be tolerated to a greater angle. 

FIG. 22 illustrates the configuration where a light source 10 arxl a diffraction element 60 are formed integrally on a 
photodetector 53, The photodetector 53 is arranged at the bottom of a package 33 and the diffraction element 60 having 
a form of a case to protect the photodetector 53 is arranged on the package. The package 33 and the diffraction ele- 

20 ment 60 is firmly bonded with an adherent. The position adjustment of the light source to the X axis orientation arxf the 

Y axis orientation is conducted by moving the package 33 to the X axis orientation and the Y axis orientation. In this 
case, since the diffraction element 60 is bonded and fixed to the package 33. the diffraction element 60 moves accord- 
ing to the movement of the package 33. 

25 (Ninth Embodiment) 

The ninth embodiment concerning a magnetic recording apparatus and an adjusting method thereof of the present 
invention will be explained with reference to FIGs. 23 A and 238. FIGs. 23 A and 23 B illustrate the relationship between 
the light source 10 and the magnetic recording medium 42. respectively. The basic configuration of the magnetic 

30 recording apparatus of the ninth embodiment is the same as the configuration of the seventh embodiment illustrated in 
FIG. 20 except that the ninth embodiment has two reflecting planes 34 A, 34B for deflecting the optical path in the front 
and back of the object lens 23 so as to reduce the bulk of the optical system. 

As described in FIG. 23A. when the reflecting planes 34A. 34B are locaited with the regular angle, a light beam 
reflected by the magnetic recording medium 42 enters the aperture of the object lens as indicated by "c". On the other 

35 hand, when the reflecting plane 34A has an angle dislocation BMl. a light beam reflected by the magnetic recording 
medium 42 does not enter the aperture of the object lens 23 as indicated by "d". 

When the reflecting planes 34A and 34B are installed to the base 98 as individual parts, respective angle displace- 
ments of the reflecting planes 34A and 34B may prevent the incidence of a light beam reflected by the magnetic record- 
ing medium 42 into the aperture of the object lens 23. In the installation of the reflecting planes 34 A and 34B individually 

40 to the base 98. due to various factors such as unevenness of the thickness of the adhesive applied for bonding, the 
processing accuracy of the base, angle displacements of the reflecting planes 34 A and 346 exist to a degree which 
cannot be neglected. 

FIG. 238 illustrates the case when a min-or 34 having the reflecting planes 34A and 34B integrally formed has an 
angle displacement CM. Examples of a mirror 34 include a plastic block molded to have a triangle section with the 

45 reflecting planes 34A. 348 formed by plating the surface with a metal. The relative angle accuracy between the reflect- 
ing planes 34A, 34B depends on the accuracy of the mold used for forming the mirror 34. Therefore, by using a mold 
with a high accuracy, mass production of a mirror 34 with little relative angle displacement between two reflecting 
planes 34A. 348 can be achieved. 

In the case of using the mirror 34. the angle displacement of the reflecting plarie 34A can be compensated by the 

50 angle displacement of the reflecting plane 34B. and thus the angle formed by the magnetic recording medium 42 and 
the light beam is always constant without dependency on the angle displacement OM caused in the installation of the 
mirror. Accordingly, the light beam reflected by the magnetic recording medium 42 enters the aperture of the object lens 
23. As a consequence, according to this embodiment, downsizing and easy assembly of the magnetic recording appa- 
ratus can be realized. 

55 Fur tlier more, by arranging the object lens 23 on the mirror 34 compared to the case of the object lens 23 not 
arranged on the mirror 34. the range of the allowance of the installation angle error of the mirror 34 will be wider to fur- 
ther facilitate the assembly 
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(Tenth EfTtKxJimenQ 

^.*.*fK"^ concerning a magnetic recording mediuni and a magnetic recording apparatus using 

thereof of the present invenbon will be explained with reference to FIGs. 24A and 24B. FICSs. 24A and 24B illustrate the 
configuration of a magnetic recording medium 43 and a reflecting l»dy 46. The basic conf igurabon of the optical system 
n ^ ;^9n«.c recording apparatus of the tenth embodiment is the same as the configuration of the fiftTemboiment 
.nustrated .n FIG. 15 except that the tenth embodiment has a magnetic recording medL 43 and a reflec^ng Sj^S 
instead of a magnetic recording medium 41 and a reflecting body 45 indicated in FIG 15 

As illustrated in FIGs. 24A and 24B. the pitch of guiding grooves of the reflecting body 46 is pt/2 whereas the track 
pitch on the rrognetic recording medium 43 is pt The numerical aperture NA of the object lens 23 can be larger in 
inverse Proportion to tf.e prtch of guiding grooves. When the track pitch pt is 50 pm. the optimum value of the nur4ical 
aperture NA of the ob,ect lens 23 in the fifth embodiment is 0.01 7. Accordingly, since the guiding groove pH<^ is ptf2 
the optnnum >«lue of the numerical aperture NA of the object lens 23 when the reflecting body 46 of the tenth en*od- 
iment is used becomes 0.034. / -~ « u lo ibiuh a,vaa 

The angle^splacement caused by fixing the reflecting body 46 in assembling the magnetic recording apparatus 
may prevent the incidence of the light beam reflected by the reflecting body 46 into the aperture of the objWtens 23 
T'^t" "1^^ "magnetic recording apparatus of the tenth embodiment, since the numerical aperture of the object lens 
23 ^ be optionally set by changing the pitch of guiding grooves on the reflecting body 46. effect of the angle displace- 
ment caused by fixing the reflecting body 46 can be avoided by enlarging the numerical aperture NA of the ob/eS lens 
23. -mat IS. a magnetic recording apparatus without the need ol the adjustment in assembling can be provided at a low 

COS I. 

(Eleventh Embodiment) 

The eleventh embodiment concerning a magnetic recording medium and the tracking error signal detection appa- 
ratus of the present invention will be explained with reference to FIGs. 25A. 258 and 26. FIG. 25A is a plan view nh«- 
trating ttie corrfiguratwn of an object lens 25 of the magnetic recoiling apparatus a«l the tracking error signal detection 
apparatus of the eleventh embodiment. FIG. 25B is a cross secfional view of thereof. FIG. 26 iflustrates the relationship 
between the photodetector 54 and the light beams 78. 79. The basic conT^uration of the optical system of tf,e 
re^rding apparatus and ttie tracking en-or signal defection apparatus of the eleventh embodiment is the same as the 
Mnr^iuratonofi^frflh embodiment illustrated in FIG. 15 except that the eleventh embodiment has the object lens 25 
and the photodetector 54 instead of the object lens 23 and the photodetector 53 of the fifth embodiment ' " 

As tflustrated m RGs. 25A and 25B. the object lens 25 comprises a simple lens as the area 25A and' a lens having 
a diffraction grating formed thereon as the area 25B. The numerical aperture NA of the area 25A is 0 017 and the 
r^T^ ''''^ ^'"^ ° '''^^^ ''•G- 25B. the diffraction grating of the area 25B has a saw- 

»f ^'^ ^''T generation of unnecessary diffraction lights as a noise in a tracking error signal 

Further, the d^ of the grating is designed so that a zeroth-order ditfracHon light generated by the area 258 becomes 
0. Moreover, the apparatus is designed so that the numerical aperture of the area 25B does not become unnecessarily 
large with respect to the light beam 70 focused on the reflecting body. 

ni..!!!!l!'-* P'*"^" <*i«ct 23 in FIG. 15 is substituted by the object lens 25, when there is no angle dis- 

placeinent in fixing the reflecting body 45. the Rght beam reflected by the reflecting body 45 returns to the ar^ 25A 
When there is an an^e displacement the light beam reflected by the reflecting body 45 according to the displaced 

l?^ ^T^^^^n ""'^""^ ^'^""^ ^ ^irsf-order diffraction light and entrrs the 

area 60B of the drffraction element 60. 

lights 78 79 froni the area SOB of the drffraction element 60. The beam 78 is a diffraction light generated by a beam 
passing through area 25A of the object lens, and the beam 79 is a diffraction Dght generated by a beam passing 
through the area 25B of the object lens. The beams 78. 79 comprise three beams 78A to 78C. and 79A to 79C resoec- 
IT^' ^T- '"I dimadion lights and ±f irst-order diffraction lights generated in the area 60A of the diffraction 

element 60 m the optical path extending from the light source 10 to the reflecting body 45. Uke the photodetector 53 
on *e Photodetertor 54 is the light source 10. The light beam 70 radiated from the light source 10 is reflected by the 
"I'Tlt deflected to the orientation perpendicular to the plane including the sensing portions 517 to 519 of the 
prrotodetector. 

According to fe eleventt. embodiment, even when a light beam reflected by the reflecting body 45 cannot enter the 
aperhire of the area 25A-of the object lens 25 due to the angle displacement caused in fixing the reflecting body 45 the 
light beam can beguided to the photodetector 54 after entering the area 25B and being diffracted. Therefore, vignetting 
of a beam at theob,ect lens 25 does not occur at all. Accordingly, The effect of the angle displacement caused in fixing 
the reflecting body 45 can be avoided. That is. a magnetic recording apparatus without the need of the adjustment in 
assembling can be provided at a low cost j u = im 
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(Twelfth Embodiment) 

The twelfth embodiment concerning a magnetic recording medium and the tracking error signal detection appara- 
tus ol the present invention will be explained with reference to FIGs. 27 to 29. FIG. 27 illustrates the configuration of a 

5 magnetic recording apparatus and the tracking error signal detection apparatus ol the twellth embodiment. 

In FIG. 27. the linearly polarized divergent beam 70 radiated from the semiconductor laser light source 10 enters 
the dffraction grating 32. The incident light is diffracted by the diffraction grating 32 to become three beams. After being 
converted to parallel light beams by the collimator 20 respectively, the three beams generated by the diffraction grating 
32 enter the polarizing beam splitter 35. A light beam entered the area 35A of the polarizing beam splitter 35 is further 

10 splitled to two beams 70A, 70 B. The beam 70A is a light beam reflected by the area 35A, arxJ the beam 70B is a light 
beam reflected by the area 358 after passing through the area 35A. The beams 70A. 708 are converted to circularly 
polarizated beams by passing through the 1/4 wavelength plate 36 and collected by the areas 26A. 26 B of the object 
lens 26. respectively. The collected beams 70A, 70B are reflected by the mirrors 37, 38. respectively to deflect the opti- 
cal path and are focused on the magnetic recording medium 44 and the reflecting body 47. By the use of the mirrors 

IS 37, 38. the beams 70A, 70B can be guided onto the magnetic recording medium 44 and the reflecting body 47 respec- 
tively by deflecting the optical path. 

FIG. 28A illustrates the reflecting plane of the reflecting Ijody 47. and FIG. 28B illustrates the reflecting plane of the 
magnetic recording medium 44. A grating pattern 7AR having a pitch pti of 188 fim is formed on the reflecting plane of 
the reflecting body 47. Furthermore, a grating pattern 7BR having a pitch pt2 of 50 urn is formed on the reflecting plane 

20 of the magnetic recording medium 44. A track pitch of the grating pattern having a pitch of 188 jim is the same as the 
track pitch of broadly used floppy disks having a diameter of 3.5 inches or 5 inches called 2DD or 2HD. and thus the 
grating patterns 7AR, 7BR provide tracks. 

The reflecting body 47 comprises a glass sutistrate and the grating pattern 7AR is formed by depositing a metal 
such as aluminum and chromium tiiereon. The magnetic recording medium 44 comprises a polyester substrate applied 

25 with a magnetic substance and the grating pattern 7BR on the magnetic recording medium 44 is formed by pressing. 
The beams 70A. 708 radiated to the magnetic recording medium 44 and the reflecting body 47 each comprise three 
beams 70AA to 70AC. 70BA to 70BC respectively generated by the diffraction grating 32. The beams 70 8 A to 70 BC 
radiate areas different from each other by ptl/4 with respect to the pitch pti. Further, beams 70AA to 70AC radiate 
areas (Afferent from each other by pt2/4 with respect to the pitch pt2. 

30 The beams 70A. 708 reflected and deflected by the magnetic recording medium 44 and the reflecting body 47 are 
corwerted to finearty polarized beams having the polarization orientation forming a 90* angle compared to the polariza- 
tion orientation when radiated from the fight source 10 by passing through the object lens 26 again and a 1/4 wave- 
length plate 36- The beams 70 A, 7GB after passing through the 1/4 wavelength plate 36 pass through the polarizing 
beam splitter 35 and enter the converging lens 27. The beams 70A, 70B are converged by the areas 27A, 278 of the 

35 converging lens 27 and sensed biy the photodetector 55 to be converted to electric signals. 

FIG. 29 illustrated the beams 70AA to 70AC. 708 A to 70 BC on the photodetector 55 and the sensing portions 520 
to 525 formed on the photodetector 55. The beam 70 AA is sensed by the sensing portion 524. Sinnilarty. the beam 70 AB 
is sensed by the sensing portion 523. the beam 70 AC by the sensing portion 525. the beam 8 A by the sensing portion 
521, the beam 708B by the sensing portion 520, and the beam 70BC by the sensing portion 522, respectively. 

40 Hectric signals outputted from the photodetector 55 are inputted to the signal processing portion. Examples of a 
signal processing portion include a signal processing portion 83 of the third embodiment illustrated in FIG. 12. Signals 
outputted from the sensing portions 520 to 522. and 523 to 525 are similar to the signals outputted from the sensing 
portions 503 to 505 of the second embodiment illustrated in FIG. 1 1. and any preferred one of the signals outputted 
from the sensing portions 520 to 522 or from the sensing portions 523 to 525 can be inputted to the signal processing 

45 portion according to the magnetic recording medium. 

Tracking error signals outputted from the signal processing portion are inputted to the driving portion 94. The driv- 
ing portion 94 adjusts the relative position between the magnetic recording media 44, 48 and the base 89 including the 
tracking error signal detection optical system and the magnetic heads 99, 100 for tracking the magnetic heads 99, 100 
on the desired tracks. Since tracking error signals are detected optically in the twelfth errtjodiment, an accurate tracking 

50 is enat3led even when an inexpensive DC motor is used in the driving portion. 

In the magnetic recording apparatus of the twelfth embodiment, since signals outputted from the sensing portions 
70BA to 70BC are used for tracking operation for the magnetic recording medium 48 having a track pitch of 188 |Jim and 
signals outputted from the sensing portions 70 AA to 70AC for ti-acking operation for the magnetic recording medium 44 
having a track pitch of 50 fim. recording and reproduction of information can be enabled in a plural kinds of magnetic 

55 recording media having different track pilches. 

The pitches of the grating patterns to be formed on a magnetic recording medium 44 and a reflecting body 47 illus- 
ti^ated in FIGs. 28A arxJ 28B are examples thereof, and a magnetic recording apparatus of the twelfth embodiment can 
be applied to an optional track pilch by designing the optical system properly. 

Although the mirrors 37. 38 are used in the twelfth embodiment to deflect the optical path of the beams 70A, 70B, 
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the same effect can be realized with other optical elements such as a prism and a diffraction grating. 

Further, when a sufficient amount of light of the beams 70A, 70B sensed by the photodetector 55 exists a half mir- 
ror can be used in place of the polarizing beam splitter 35. In this case, the 1/4 wavelength plate 36 becomes unneces- 
sary, and thus an inexpensive magnetic recording apparatus can be provided. 

(Thirteenth Embodiment) 

The thirteenth embodiment concerning a magnetic recording medium and the tracking error signal detection appa- 
ratus of the present invention will be explained with reference to FIGs. 30. and 31 A to 31C. FIG. 27 illustrates the con- 
figurabon of a magnetic recording apparatus and the tracking error signal detection apparatus of the thirteenth 
embodiment. 

In FIG. 30, the linearly polarized divergent beam 70 radiated from the semiconductor laser light source 10 enters 
the area 61 A of the diffraction element 61 to become three beams, which are zeroth-order diffraction light and UlrsX- 
order diffraction lights. The three beams generated at the area 61 A further generate a plurality at the areas 61 BA and 
15 61BB. The grating pitch of the areas 61 BA. 61 SB is designed so that only the zeroth-order diffraction light among the 
diffracted lights generated at the areas 61 BA and 61 BB enters the aperture of the lens 28 in the optical path extending 
from the light source 10 to the object lens 28. The lens 28 is a finite object lens for entering different portions of the 
beam 70 into the areas 28A. 28B to have two kinds of beams 70C, 700. The object lens 28 can be formed for exanple 
by molding a plastic. ' 

20 After being reflected by the areas 39A. 39B of the mirror 39. the beams 70C. 70D are focused on the reflecting body 
47 and the magnetic recording medium 44. Uke the twelfth embodiment, a grating pattern 7AR having a pitch pti of 188 
urn IS formed on the reflecting body 47. When the magnetic recording medium 44 has a track pitch narrower than 188 
Jim. a pattern conesponding to the track pitch is fonned on the magnetic recording medium 44. The beams 70C 70D 
reflected and diffracted by the reflecting body 47 and the magnetic recording medium 44 pass through the object lens 
28 again and enter the areas 61 BA. 61 BB of the diffraction element 61. respectively. The beams entering the areas 
61 BA, 61 BB generate a plurality of diffraction lights, and the if irst-order diffraction lights are sensed by the photodetec- 
tor 56- 

FIG. 31(a) illustrates the area 61BA. 61BB of the diffracUon element 61. FIG. 31(b) illustrates the area 61A of the 
diffraction element 61. FIG. 31(c) illustrates the beams 70CA to 70CF. 70DA to 70DF on the photodetector 56 and the 
sensing portions 526 to 537 formed on the photodetector 56. The beams 70CA. 70CB. 70CC are +f irst-order diffraction 
lights generated by the incidence of the beam 70C into the area 16BA. The beams 70CD. 70CE. 70CF are -first-oider 
diffraction lights generated by the incidence of the beam 70C into the area 16BA. The beams 70DA, 700B 70DC are 
+first.order diffraction lights generated by the incidence of the beam 70D into the area 16BB. The beams 70DD, 70DE, 
70DF are -first-order diffraction Bghts generated by the incidence of the beam 70D into the area 16BB. 

The beam 70CA is sensed by the sensing portion 527. Similarty. the beam 70CB Is sensed by the sensing portion 
526. the beam 70CC by the sensing portion 528, the beam 70CD by the sensing portion 536. the beam 70CE by the 
sensing portion 535, the beam 70CF by the sensing portion 537. the beam 70DA by the sensing portion 530 the beam 
70DB by the sensing portion 529. the beam 70DC by the sensing portion 531 . the beam 70DD by the sensing portion 
533. the beam 70DE by the sensing portion 532, and the beam 700F by the sensing portion 534. respectively. 

Signals outputted from the sensing portions 527 and 536, 526 and 535. 528 and 537. 530 and 533. 529 and 532 
531 and 534. combined respectively, are similar to the signals outputted from the sensing portions 520 to 525 in the first 
embodiment, and tracking error signals can be obtained by inputting these signals into, for example, a signal processing 
portion 83 of the third embodiment illustrated in FIG. 12. The tracking error signals generated are supplied to the driving 
portion 101 so as to place the magnetic heads 99. 100 on a favorable track. 

In the thirteenth enrtbodiment. the light source 10 is arranged on the photodetector 56 conprising an etched siHcon 
substrate. A light beam 70 is radiated from the light source 10 so that the optical path thereof after being reflected by a 
min-or 56A will be perpencScular to the plane in which the sensing portions 526 to 537 of the photodetector 56 are 
formed on the silicon substrate. 

The apparatus is designed so that the beams 70C, 70D reflected by the reflecting body 47 and the magnetic record- 
ing medium 44 are sensed by the photodetector 56 on which the fight source is arranged. Since the finite object lens 
28 IS used, a downsizing of the magnetic recording apparatus can be realized. Further, since the lengths from the lighl 
source 10 to the area 2aA and the light source 10 to the area 28B are the same, the lens 28 can be formed with one 
part, which can be formed by one molding to have the areas 28A. 28B. Accordingly, a magnetic recording apparatus 
can be provided at a low cost. 

Although a focus servo is not mentioned in the thirteenth embodiment it can be employed as needed. Further the 
magnetic recording apparatus of the thirteenth embodiment can be used without any limitation from the detection 
method of the focus enor signal, and thus methods generally used in the optical disk apparatus, such as the astigma- 
tism method, the Foucault method, and the spot size detection method can be used. Besides, although the example of 
a semiconductor laser for the light source is explained herein, other kinds of fight sources such as an inexpensive light 
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emitUng dicxJe can be used depending upon the track pitch and the numericaJ aperture of the lens. 
(Fourteenth Embodiment) 

5 The fourteenth embodimerrt concerning an information recording medium, an information recording apparatus and 

the tracking error signal detection apparatus of the present invention will be explained with reference to FIGs. 32 and 
33, FIG. 32 illustrates the configuration of an information recording medium of the fourteenth embodiment. The infor- 
mation recording medium of the fourteenth emlxjdiment relates to an optical disk whereas the above mentioned first to 
thirteenth embodiments mainly relate to magnetic recording media and magnetic recording apparatus. That is. trackmg 

10 error signal detection apparatus of the present invention can be applied not only in magnetic recording media such as 
floppy disks but also in optical disks. Further, as the optical system of the information recording apparatus and the track- 
ing error detection apparatus of the fourteenth embodiment, for example, the optical system of the first embodiment 
illustrated in FIG. 5 can be employed. 

In FIG. 32. Gn-1. Gn. Gn+1, ... denote guiding grooves as the pattern for enabling the detection of tracking error 

IS signals, pt denotes a pitch of an adjacent guiding groove. Tn-1. Tn. Tn+1. ... denote tracks by which recording and 
reproduction of information are conducted. The tracks Tn-1. Tn. TrvKl. ... are arranged on and between the guiding 

grooves Gn-1 . Gn. Gn+1 tp is a pitch of an adjacent track. Accordingly, pt = 2 • tp . 

The guiding grooves Gn-1. Gn. Gn+1, ... have cyclical two patterns R1. R2. The patterns R1. R2 are formed in a 
position different by ^Apt to the orientation perpendicular to the track, respectively. Here pt = 1 .48 urn. tp = 0.74 pm. and 

20 Apt =* 0.04 nm. 

FIG. 33 illustrates the configuration of a signal processing portion 85 in an information recording apparatus and the 
tracking error signal detection apparatus of the fourteenth embodiment. Signals outputted from the sensing portions 
501 . 502 of the photodetector 50 are converted to voltage signals by the l-V converting portions 851, 852, respectively. 
Signals outputted from the l-V converting portions 851, 852 are subtracted by the differential operation part 872, Sig- 
2S nals outputted from the differential operation part 872 are inputted to the clock signal generating portion 897 to generate 
clock signals CLK for synchronizing the cycles of the patterns R1. R2. The clock signal generating portion 897 is a 
Phase Locked Loop (PLL) circuit The clock signals CLK are inputted to the trigger signal generating portion 898 to gen- 
erate timing signals Sa3. Sa4. 

Signals outputted from the differential operation part 872 are sampled and held by the sample and hoM portions 
30 81 1 , 812 with the timing of the timing signals Sa3, Sa4, respectively. Signals v18, v19 outputted from the sample and 
ho\6 portions 81 1. 182 are signals represented by the below mentioned formulae (20) and (21). In the formulae (21) and 
(22), A10 denotes an amplitude. 

v18 = A10 • sin (2rt(x - Apt)/pt) (20) 

v19=:A10 • Sin(2rc(x+ Apt)/ptj (21) 

Signals sampled and held by the sample and hold portions 31 1 , 812 are, after being adjusted to a preferable inten- 
sity by the changeable gain amplifying portions 832. 833, inputted to the operation part 892. The operation part 892 
40 adds the inputted signals and outputs tracking error signals v20 to the output terminal 806. The signals v20 have a wave 
form represented by the below mentioned formula (22). 

v20=K1 • A10 • sin (2Tt(x-Apt)/pt) + K2 • A10 • sin (2rc(x+Apt)/pt) (22) 

45 In the formula (22), K1 , K2 are gains of the changeable gain amplifying parts 832. 833. respectively. Optional phase 
and amplitude can be set for a signal v20 by selecting appropriate gains K1. K2 as in the first embodimerrt. However, in 
order to tolerate all the phase dislocations with small Apt. K1. K2 need to be changed drastically, and thus rt is not prac- 
tical. Tracking error signal detection apparatus of the fourteenth embodiment are suitable for optical disk apparatus hav- 
ing a phase dislocation of tracking error signals smaller than pt^. 

so Since a tracking error signal detection apparatus of the fourteenth embodiment ot>tains a plurality of signals having 
different phases from a light beam, it is barely affected even when the information recording medium has a decentering. 
Accordingly, information recording apparatus using a tracking error signal detection apparatus of the fourteenth embod- 
iment have a high reliability in recording and reproducing on an information recording medium having a decentering. 
Furthermore, since information is recorded or reproduced on or between the patterns R1 . R2 for detecting tracking 

55 error signals, recording capacity of the information recording medium is not reduced, and thus an optical information 
recording apparatus having a large capacity and high reliability can be provided. 
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Claims 

1. A tracking enror signal detection apparatus comprising a light source to radiate a light beam, a converging optical 
system to converge the light beam radiated from the light source on a reflecting body in a minute spot, a beam split- 
ling means to split the light beam reflected and diffracted by the reflecting body, an photodetector to sense the 
beam splitted by the beam splitting means and output a signal according to the quantity of light a first arithmetic 
means to process a signal outputted from the photodetector, a changeable gain amplifying means to change the 
intensity of the signal outputted from the arithmetic means and output at least two signals, and a second arithmetic 
means to add or subtract the two signals outputted from the changeable gain amplifying means. 

2. A tracking enror sigrial detection apparatus comprising a light source to radiate a light beam, a converging optical 
system to converge the light beam radiated from the light source on a reflecting body in a minute spot, a beam split- 
ting means to split the light beam reflected and diffracted by the reflecting body, an photodetector having two sens- 
ing portions to sense the beam splitted by the beam splitting means and output a signal according to the quantity 
of light, a first cfifferenlial operation means to subtract the signals outputted from the two sensing portions of the 
photodetector. an addition means to add signals outputted from the two sensing portions of tiie photodetector. a 
clock signal generating means to generate dock signals from the signal outputted from the addition means, a trig- 
ger signal generating means to generate trigger signals from the clock signals outputted from the dock signal gen- 
erating means, first and second sample and hold means to sample and hold the signals outputted from the addition 
means based on the trigger signals outputted from the trigger signal generating means, a first changeable gain 
amplifying means to change the intensity of the signals outputted from the first sample and hold means, a second 
differential operation means to subtract signals outputted from the second sample and hold means and the first 
changeable gain amplifying means, second and third changeable gain amplifying means to change the intensity of 
signals outputted from the first and second differential operation means, and an operation means to add or subti-act 
the signals outputted from the second and third changeable gain amplifying means. 

3. A tracking error signal detection apparatus comprising a light source to radiate a light beam, a converging optical 
system to converge the light beam radiated from the light source on a reflecting body in a minute spot, a beam split- 
ting means to split the light beam reflected and diffracted by the reflecting body, an photodetector having two sens- 
irtg portions to sense the beam splitted by the beam splitting means and output a signal according to the quantity 
of light, a differential operation means to subtract the signals outputted from the two sensing portions of the photo- 
detector, a clock signal generating means to generate clock signals from signals outputted from the differential 
operation means, a trigger signal generating means to generate trigger signals from the clock signals outputted 
from the clock signal generating means, first and second sample and hold means to sample and hold the signals 
outputted from the differential operation means based on the trigger signals outputted from the trigger signal gen- 
erating means, a first changeable gain amplifying means to change the intensity of the signals outputted from the 
first sample and hokJ means, a second differential operation means to subtract signals outputted from the second 
sample and hold means and the first changeable gain amplifying means, second changeable gain arrplifying 
means to change the intensity of signals outputted from the second differential operation means, and an operation 
means to add or subtract signals outputted from the first and second changeable gain arrplifying means. 

4. A tracking error signal detection apparatus comprising a light source to radiate a light beam, a beam generating 
means to generate three beams from the light beam radiated from the light source, a converging optical system to 
converge the three light beams radiated from the light source on a reflecting body in minute spots, a beam splitting 
means to split the three light beams reflected and diffracted by the reflecting body, a photodetector having three 
sensing portions to sense the beam splitted by the beam splitting means and output signals according to the quan- 
tity of light, a first differential operation means to subtract the signals outputted from the first and second sensing 
portions of the photodetector. a second differential operation means to subtract the signals outputted from the third 
sensing portion of the photodetector. first and second changeable gain amplifying means to change the intensity of 
the signals outputted from the first and second differential operation means, and an operation means to add or sub- 
tract the signals outputted from the first and second changeable gain amplifying means. 

5. A tracking error signal detection apparatus comprising a tight source to radiate a light beam, a beam generating 
means to generate three beams from the light beam radiated from the light source, a converging optical system to 
converge the three light beams radiated from Uie light source on a reflecting body in minute spots, a beam splitting 
means to split the three light beams reflected and diffracted by the reflecting body, a photodetector having three 
sensing portions to sense the beam splitted by the beam splitting means and output signals according to the quan- 
tity of light, first and second ctiangeable gain amplifying means to change the intensity of the signals outputted from 
the first and second sensing portions of the photodetector. third and fourth changeable gain amplifying means to 
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change the intensity of the signals outputted from the second and third sensing portions of the photodetector. a first 
differential operation means to subtract the signals outputted from the first and second changeable gain amplifying 
means, a second differential operation means to subtract the signals outputted from the third and fourth changea- 
ble gain amplifying means, fifth and sixth charrgeable gain amplifying means to change the intensity of the signals 
5 outputted from the first and second differential operation means, and an operation means to add or subtract the sig- 

nals outputted from the fifth and sixth changeable gain amplifying means. 

6. A tracking error signal detection apparatus comprising a light source to radiate a light beam, a beam generating 
means to generate five beams from the light beam radiated from the light source, a converging opticaJ system to 

10 converge the five light beams radiated from the light source on a reflecting body in minute spots, a beam splitting 
means to spjit the five tight beams reflected arxJ diffracted by the reflecting body, a photodetector having five sens- 
ing portions to sense the beam spiitted by the l>eam splitting means and output signals according to the quantity of 
light, first arxi second chargeable gain annplifying means to change the intensity of the signals outputted from the 
first and third sensing portions or the third and fifth sensing portions of the photodetector. third and fourth change- 
rs at^le gain ampfifying means to change the intensity of the signals outputted from the second and fourth sensing por- 
tions of the photodetector. a first differential operation means to subtract the signals outputted from the first and 
second changeable gain amplifying means, a second differential operation means to subtract the signals outputted 
from the third and fourth changeable gain amplifying means, fifth and sixth changeal:>le gain amplifying means to 
change the intensity of the signals outputted from the first and second differentiaJ operation means, and an opera- 
20 tion means to add or subtract the signals outputted from the fifth and sixth changeable gain amplifying means. 

7. The tracking error signal detection apparatus according to any of daims 1 to 6. wherein the gain of the changeable 
gain amplifying means is adjusted so that a DC component outputted from the differential operation means 
becomes zero. 

25 

8. The tracking error signal detection apparatus according to any of claims 1 to 6, wherein the gain of the changeat»fe 
gain anrplrfying means is adjusted so that a signal outputted to a means to read out the information recorded on the 
information recording medium becomes maximum. 

3C 9. A tracking error signal detection apparatus comprising a light source to radiate a light beam, a converging optical 
system to converge the light beam radiated from the light source on a reflecting body in a minute spot, a beam split- 
ting means to split the light beam reflected and diffracted by the reflecting body, an photodetector to sense the 
beam spiitted by the beam splitting means and output a signal according to the quantity of light, and a signal 
processing portion to process a signal outputted from the photodetector to generate a tracking error signal, wherein 

35 a cydte physical change which changes the reflecting ratio is formed on the reflecting body so as to have a size of 
a light beam in the oriernation parallel to the physical change larger than the size of the light beam in the orientation 
orthogonal to the physical change. 

1 0. A tracking error signal detection apparatus comprising a light source to radiate a light beam, a converging optical 
40 system to converge tiie light beam radiated from the light source on a reflecting body in a minute spot, a beam split- 
ting means to split the light beam reflected and cfiffracted by the reflecting body, an photodetector to sense the 
beam spiitted by the beam splitting means and output a signal according to the quantity of light, and a signal 
processing portion to process a signal outputted from the photodetector to generate a traclQng error signal, wherein 
a cyclic physical change which changes the reflecting ratio is formed on the reflecting body and the focal length of 

45 the converging optical system at the reflecting body side of the orientation parallel to the physical change is longer 
than the focal length of the orientation orthogonal to the physical change. 

11. The tracking error signal detection apparatus according to claim 10, wherein the focal length of the converging opti- 
cal system at the reflecting body side of the orientation parallel to the physical change is infinite. 

so 

12. The tracking error signal detection apparatus according to any of claims 9 to 1 1, wherein the size of the aperture 
of the converging optical system at the reflecting body side of the orientation parallel to the physical change is 
larger than the aperture of the orientation orthogonal to the physical change. 

55 13. The tracking error signal" detettiun apparatus according to any of claims 1 to 12, wherein the converging optical 
system comprises a collimator to corrvert a divergent beam radiated from the light source to a parallel light beam, 
and a converging lens to convert the parallel tight beam converted by the collimator to a convergent light beam. 

14. The tracking error signal detection apparatus according to any of daims 1 to 12. wherein the converging opti'cal 
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system comprises a finite object lens to convert a divergent light beam radiated from the light source to a conver- 
gent Hght beam. 

15. The tracking error signal detection apparatus according to any of claims 1 to 14, wherein the converging ootical 
system comprises a lens formed by molding a plastic. ^ ^ ^ 

1 6. The tracking error signal detection apparatus accorcfing to any of claims 1 to 15. wherein the beam splitting means 
IS a diffraction element. ^ y ««« 

17. The tracking error signal detection apparatus according to any of claims 1 to 15. wherein the beam splitting means 
IS a polarizing beam splitter. 

18. The tracking error signal detection apparatus according to any of claims 1 to 1 7. wherein the cycle of the physical 
change formed on the reflecting body is smaller than the cyde of the track on the reflecting body 

19. The tracking error signal detection apparatus according to any of claims 1 to 18. wherein the reflecting body is an 
information recording medium. 

20. A magnetic recording apparatus comprising a light source to radiate a light beam, a converging optical system to 
converge th^ light beam radiated from the light source on a reflecting body in a minute spot, a beam splitting means 
to split the nght beam reflected and afffracted by the reflecting body, an photodetector to sense the beam splitted 
by the beam splitting means and output a signal according to the quantity of light, a magnetic head to record infor- 
mation on the information recording medium or to reproduce information on the information recording medum a 
signal processing portion to generate a tracking enor signal from a plurality of signals outputted from the photode- 
tector. and a control means to control the tracking of the magnetic head with respect to the information recording 
miedium based on the tracking error signal, wherein a cyclic physical change is formed on the reflecting body which 
changes the reflecting ratio, and two min-ors. which are supported on a common supporting body integrafly are 
compnsed to change the orientation of the light beam on the optical path extending from the light source to the 
reflecting body. 

21. The magnetic recording apparatus according to claim 20. wherein the converging optical system is arranged 
between the two mirrors. 

22. A magnetic recording apparatus comprising a light source to radiate a Hght beam, a converging optical system to 
converge the light beam radiated from the light source on a reflecting body in a minute spot, a beam splitting means 
to split the light beam reflected and diffracted by the reflecting body, an photodetector to sense the beam splitted 
by the beam splitting means and output a signal according to the quantity of light, a magnetic head to record infor- 
mation on the information recording medium or to reproduce information on the information recording medium a 
signal processing portion to generate a tracking error signal from the signal outputted from the photodetector and 
a control means to control the tracking of the magnetic head with respect to the information recording medium 
based on the tracking error signal, wherein a cyclic physical change is formed on the reflecting body which changes 
the reflecting ratio, and the aperture of the converging optical system in the second orientation is larger than the 
aperture in the first orientation with the premise that the orientation of the cyclic physical change of the reflecting 
body IS the first orientation and the orientation orthogonal to the first orientation is the second orientation. 

23. A magnetic recording apparatus comprising a light source to radiate a Rght beam, a converging optical system to 
converge the light beam radiated from the light source on a reflecting body in a minute spot a first beam splitting 
means to split the fight beam reflected and diffracted by the reflecting body, an photodetector to sense the beam 
splitted by the first beam splitting means and output a signal according to the quantity of light a magnetic head to 
record information on the information recording medium or to reproduce information on the information recording 
medium, a signal processing portion to generate a tracking error signal from the signal outputted from the photo- 
detector, and a control means to control the tracking of the magnetic head with respect to the information recording 
medium based on the tracking error signal, wherein a cyclic physical change is formed on the reflecting body which 
changes the reflecting ratio, and a second beam splitting means is further comprised in the vicinity of the converg- 
ing optical system. ^ 

24. The magnetic recording apparatus according to claim 23. wherein the second beam splitting means is a diffraction 
element having a blazed-graling section. 
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25. A magnetic recording apparatus connprising a light source to radiate a light beam, a first converging optical system 
to converge the light beam radiated from the light source on a first reflecting body in a minute spot a second con- 
verging optical system to converge the light beam radiated from the light source on a second reflecting body in a 
minute spot, a beam splitting means to split the light beams reflected and diffracted by the first and second reflect- 
ing bodies, a photodetector to sense the beam sptitted by the beam splitting means and output signals according 
to the quantity of light, a magnetic head to record Information on the information recording medium or to reproduce 
information on the information recording medium, a signal processing portion to generate a tracking error signal 
from a plurality of signals outputted from the photodetector. arxi a control means to control the tracking of the mag- 
netic head with respect to the information recording medium based on the tracking error signal, wherein a cyclic 
physical change is formed on the first and second reflecting bodies, and the cyde of the physical change formed 
on the first r^lecting body and the cycle of the physical change formed on the second reflecting body are different. 

26. A magnetic recording apparatus comprising a light source to radiate a light beam, a first converging optical system 
to converge the light beam radiated from the light source on a first reflecting body in a minute spot, a second con- 
verging optical system to converge the light beam radiated from the light source on a second reflecting body in a 
minute spot, a beam deflecting means to change the optical path of the beams from the first or second optical sys- 
tem to the first or second reflecting body, a beam splitting means to spirt the light beams reflected and diffracted by 
the first and secorKl r^lecting bodies, an photodetector to sense the beam splitted by the beam splitting means and 
output signals according to the quantity of light, a magnetic head to record tnfornmtion on the information recording 
medium or to reproduce information on the information recording medium, a signal processing portion to generate 
a tracking error signal from a plurality of signals outputted from the photodetector, and a control means to control 
the tracking of the magnetic head with respect to the information recording medium based on the tracking error sig- 
nal, wherein a cyclic physical change is formed on the first and second reflecting bodies, and the cycle of the phys- 
ical change formed on the first reflecting body and the cycle of the physical change formed on the second reflecting 
body are different. 

27. The magnetic recording apparatus according to claim 26, wherein the beam deflecting means is a nnirror, 

28. The magnetic recording apparatus according to any of daims 25 to 27. wherein the length between the light source 
and the first converging optical system and the length between the light source and the second corwerging optical 
system are equal. 

29. The magnetic recording apparatus according to any of claims 25 to 28, wherein the first converging optical system 
and the second converging optical system are formed on a common supporting body. 

30. The magnetic recording apparatus according to any of claims 25 to 29. wherein the tracking control of the magnetic 
head is conducted by a DC motor. 

31. The magnetic recording apparatus according to any of daims 25 to 30, wherein a diffraction grating is comprised 
in the optical path extending from the light source to the corrverging optical system, and the diffraction grating gen- 
erates a plurality of beams from the beam radiated from the light source. 

32. The magnetic recording apparatus according to any of daims 25 to 3 1 , wherein the converging optical system com- 
prises a collimator to convert a divergent beam radiated from the light source to a parallel light beam, and a con- 
verging lens to convert the parallel light beam converted by the collimator to a convergent tight beam. 

33. The magnetic recording apparatus according to any of daims 25 to 3 1, wherein the converging optical system com- 
prises a finite object lens to convert a divergent light beam radiated from the light source to a convergent light 
beam. 

34. The magnetic recording apparatus according to any of daims 25 to 33, wherein the converging optical system com- 
prises a lens formed by molding a plastic. 

35. The magnetic recording apparatus according to any of clainr^s 25 to 34. wherein the beam splitting means is a dif- 
fraction element. 

36. The rrragnetic recording apparatus according to any of daims 25 to 34, wherein the beam splitting means is a polar- 
izing beam splitter. 
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37. The magnetic recording apparatus according to any of clainre 25 to 36, wherein the cycle of the physical change 
formed on the reflecting body is smaller than the cycle of the track on the information recording medium. 

38. The magnetic recording apparatus according to any of claims 25 to 37. wherein the reflecting body is an informatoon 
recording medium. 

39. A method for adjusting a tracking error signal detection apparatus comprising a light source to radiate a light beam, 
a converging optical system to converge the light beam radiated from the light source on a reflecting body in a 
minute spot, a beam splitting means to split the light beam reflected and diffracted by the reflecting body, an pho- 
lodetector to sense the beam splitted by the beam splitting means and output a signal according to the quantity of 
light, a magnetic head to record information on the information recording medium or to reproduce information on 
the information recording medium, a signal processing portion to generate a tracking error signal from the signal 
outputted from the photodetector, and a control means to control the tracking of the magnetic head with respect to 
the information recording medium based on the tracking error signal, wherein the position of the light source is 
adjusted to the orientation orthogonal to the optical axis of the corwerging optical system so that a beam converged 
by the converging optical system and the reflecting body form a predetermined angle. 

40. The method for adjusting a tracking error signal detection apparatus according to claim 39, wherein the beam split- 
ting means is a diffraction element, and the beam splitting means and the light source are formed integrally so that 
the diffraction element moves according to the movement of the light source. 

41. The method for adjusting a tracking error signal detection apparatus according to daim 39 or 40, wherein the 
reflecting body is an information recording medium. 

42. An information recording medium having guiding grooves to enable the detection of tracking error signals, and 
tracks for recording or reproducing information are defnied on or between the guiding grooves, wherein the guiding 
grooves are arranged in different positions cyclically to the orientation orthogonal to the tracks. 
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